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WITE SEWP AND ROUNDED LIPS 

By Joseph R. Mil i l lo  

S t a t i c  tests of an anzlular conical-shock i n l e t  and em open-cose 
conical   in let  w i t h  t h ree   l i p  shapes were  conCiucted a t  the Langley  8-foot 
transonic  tunnel. Measurenents  of pressure  recovery,  surface  pressure, 
 an^ tot21  pressure were mde through a nass-flow  range  extending t o  
chokhs.  The results indicete   that  the two 5nlets  with YMn sharp l i p s  
had about the sme re la t ive ly  poor pressure-recovery  characteristics 
and choked at a PASS-flow rate of  about 78 percent of the theore t ica l  mexinun. However, both tine pressure  recovery end choki-ng mass-flow’ rate 
were greztly  ingroved  by  replacing  the  shaq  l ip by two a l te rna te  shapes 
w i t h  l i p  roundness and internal   contract ion  just  behind the   i n l e t  lis. 

It was also shown that   in lets   with  thin  sharg  l ips   but  wicely dif-  
ferent diffusers and inlet   configuration had very similar pressure- 
recovery  cheracteristics which were Edeque-Lely defined by theory. 

The opptimm perfornarrce  of a turbojet-engine-fixed-&re& i n l e t  COE- 
bination at supersonic  speeds is ob-leined Then the  air f lox through  the 
engine-inlet  conbination is near  the rmximun permitted by the inlet. ,At 
the t e e - o f f  or low-speed f l i g h t  Condition, the i n l e t  w i l l  t end   to  be. 
operzted et a choked or  extremely  hfgh mass-flow condition and the engine 
mey suffer severe thrust penalties due to   losses   in   to ta l   p ressure  and 
reductions in effect ive  inlet   entrvlce area. in the  case of sharp-Up 
i n l e t  design,  the  reduction i n  engine  performance c m  be quite large a t  
the s t e t i c   o r  take-off condition. 

Some aztention has therefore been  given t o  the problem of t’ie per- 
forpmce of  such sharp-lip  inlets uncer the aforementior-ed conditions 
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( r e f s .  1 t o  3)  . Tests of round-lip  inlets have also been made ( r e f .  4) . 
In   addi t ion   to  this work, the  internal-flow  performme or" two supersonic- 
tyge i-n-lets  of  the  Langley  &foot  transonic tumel inlet   research program 
were stucied under s ta t ic   condi t ions and the  resalts  are  presented  herein.  

The in l e t s   t e s t ed  were a conical-shock i n l e t  m d  a nose i n l e t  witin 
t h r e e   l i p  shapes - a sharp  lig, a round l ip ,  md a bell-type  lip.  ?res- 
sure recovery, l i p  pressure  distribution,  total-press-me  surveys, and 
nnass-flow neasurements ere  presented f o r  the nose inlet,  vhereas  pres- 
sure  recovery and mss-flow  Ieasurexents only are  presented  for  the 
conical-shock i n l e t .  Mass-flow r a t i o  was varied from .&out 0.33 t o   t h e  
choking  value. 

A 

D 

H 

lT 

m 

m/ms 

x, 

Pa 

r 

R 

X 

Y 

pr 

duct  cross-sectional mens 

I ? a u i m u i  exterr-al  dim'eter (8.0 in., stzzion 2) 

total   pressure  (dist inguished  fron  pitot   pressure) 

average to ta l   s ressure ,  

mass-flow rzte 

mass-flow m t i o ,   r a t i o  of mss flow through the duct t o   t h e  mass 
flow under isentropic  conditions  through an area e q a l  to i n l e t  

s ta t ic   p ressure  

atmosgheric  press-me 

r d i u s  

body rx?.xim.rim radius, D/2 

axial  distm-ce,  Fositive  downstrear 

dis-knce  fro2  diffuser w a l l  

equlvalect  conical  angle of diffuser  

R 

. . . ,  



NACA m! L54El9 - 3 

Subscripts : 

1 mininum-erea s ta t ion  ~ t ,  or  jut ins ide ,   in le t  lip (see  f ig .  I) 

2 d i f fuser   ex i t  sta"LFon (see  f ig .  1) 

3 venturi   station (see f i g .  1) 

Test equigrrent.-  Figure 1 presents a schematic  drewing  of the t e s t  
appmatus. The i n l e t s  were  mounted 02 z long tube  or barrel that  contained 
the  diffuser   exi t   rakes   (s ta t ion 2) and a ven tmi  which contained e rake 
for  the  xeaswezent cf nzss flow- and pressure  recovery. The low-sressure 
source w a s  a 10,000 cu  ft/min conp- ressor.  

Mo&els .- The annuax conical-shock i n l e t  was designed t o  provide 
enough air for  an engine of a3out 10,000 pounds s t a t f c  t'hrust at e Mach 
nmfber of 2.0. Tne i n l e t  wzs of wood a d  plastic  construction  with a 
s teel   leading edge. Dimensions of the inlet are  shown in   f igure  2. 

The nose i n l e t  was designed w i t h  t k e e  interchu-geable lip s b g e s .  
The s h q e  of the external  contolrr of the is le t  remained the s&m as did 
the  rninbux  sree and equivalent  conical  angle of the dLff'user. The  two 
pzrarreters that varied were l i p   s b p e  and length of the  inlet   preceding 
the diffuser entrance. The sharp l i p  of  the nose i n l e t  w a s  machined 
fron 24ST a lminua   a l loy .  The b e l l  and roun-d l i p s  and fixed p a t  02 the 
i n l e t  were mde of wood, F ibergks ,  and Faraplex  plastic. A photogrzph 
of the nose i n l e t  and l ip   sec t ions  is ?resented ss f igure  3(a) .  Drawings 
and dimensions  of the nose i n l e t  are presented in  figures 3(b) md 3(c) . 
The duct-mea  variation  of tlrle conical-shock *let m-d the nose i n l e t  are 
presellted in   f i gu re  4. 

Test  procedure.-  For  each in l e t   t he  back pressure was reduced  throu&h 
several  intermediate  steps until tine i n l e t  was choked. The back  pressure 
was then f l r ther  reduced t o  increase  the  inlet   losses  and define  adequately 
the choking  nass-flow ratio.  Pressure  readings were recorded s b l t a n e -  
ously by photographing a m l t i t u b e  manometer. 

Data were recorded  by a s-mvey r&e located a t  %. forwad  survey 
s t a t ion  dming several  tests with the nose b l e t  (see  f'ig. 3(b) ) . Total- 
pressure-recovery dzta obtained from the other ra.kes during  these tests 
u e  not  presected. 



Mezhods and accuracy.- The mss-flow  ratio and pressure  recovery 
were obtained 5y n-merical  integrstion of the  ventui-rake data. Because 
of very low Mach numbers between s ta t ion  2 and tine entrance  to the ven- 
turi, the total-press-xre  losses were r e h t i v e l y  smll  between the two 
s ta t ions.  The indicsted  pressure  recovery a t  the  diffuser   exi t   (s ta-  
t i on  2) was  aboilt 0.Olhigher than the  Pressure  recovery  presected  herein 
throughout the mass-flow range. 

The acczracy  of  neaswements is estimated as follows: 

Mass-flow r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  
Pressure  recovery . . . . . . . . . . . . . . . . . . . . . . .  k0.01 
S t a t i c  and t o t a l  pressure  ratios . . . . . . . . . . . . . . .  +0.01 

The accuracy  es+,imate f o r  PAsS-flVJ r a t i o  accounts fo r  the combined 
e f f ec t s  of a +_0.01 radom  error  a d  a systematic  error of 0.01 which 
resul ted from leakage. 

RESULTS AND DISCUSSION 

Pressure  distributions.-  Pressure  distributions  a3out  the  inner and 
outer  s-mfaces of the nose i n l e t  lips are  presented  in  figure 5.  For a l l  
l i p  shaPes the  static  pressure  increased very r ap id ly   t o  approximately 
atnospheric  pressure on the   oa te r   s r face   (wi th in  0.30 in.  from the 
leading  edge),  thereby  indicating  very low flow  velocities  over  the 
external  surface ar,d consequently l i t t l e  e f fec t  of external geometry as 
was also concluded in  reference 4. Jus t   imide   t he   i n l e t   l i p s ,  the pres- 
sxre rat ios   indicated tha t  l oca l  speeds  reached  values on the order of 
1.8 Wach nmber . Large vmia t ions   in   loca l  Mach  niunber were present 
along  the  constmt-area  duct  section of the   in le t s  at the higher mass- 
flow  ratios,   especially  for the shzrp-lip  inlet   (see fig. 5(a) ) . 

Total-pressure  surveys.-  Total-pressure  surveys a t  the forward 
survey  station  presented  in figure 6 indicate tine presence of thick 
boundary layers   for  a l l  three l i p  shapes.  Apglicetion of the separation 
c r i t e r ion  of  reTerence 5 shows thz t   the  boundary-layer prof i les  m e  of 
the  unsepmated  type  for  the  highest   mss-flow  ratios,   but at the lower 
mess-flow rat ios ,   the  ca1c;iLated boundmy-layer-shape factors fa l l  within 
the rw!e where segwation may exist.  Total-pressure  losses  extended 
ent i re ly   across  the duct at the  highest tes t  mass-flow ra t io s   ( i n l e t -  
choked condition) and, except for  t ie  region  irmediately  adjacent  to  the 
duct wall, the  flow  vas  supersonic at the  forward  survey  station. 

The prof i les  of the sharp- and round-lip  inlets show a region  of 
depressed  tokal  pressure  in  the  center of the  duct a t  the  highest mass- 
flou r a t io s .  For both of t'nese in le t s ,  this core of reduced t o t a l  

L- 
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pressurre i s  presuned  caused  by tihe nature of a shock gattern  existent 
aeer t'ne duct  entrance.  Figure 7 presents an estivate  of t'ne flow  pzt- 
t e r n   i n   t h e   s h q - l i p   i n l e t ,  and w a s  dram from reference  to  f igures 5 
and 6 md t o   t h e  press-me  surveys and viswl-flow studies of  reference 6. 
Excest f o r  t'ne boundary layer and a region do-mstreem ~Yom the norm1 
shock in  the  center of the  duct, t'ne flow was supersonic  everyihere 
betveen  the  sonic  line m-d some point downstream from the forwzrd  survey 
s ta t ion.  The core of reduced  totel-pressure air observed at the  survey 
s t a t ion  Ylus aspears t o  have resulted from the greater  losses of the 
n o m 1  shock i n  the duct  center. The sxpersonic  flow  through  the  inclined 
shock  cam-ot  hsve lost a t  t l e  shock i tself  the  mount ol" total-presswe 
loss indicated by the  level  of  the  total-pressure-rztio curve between 
y/r  = 0.3 a d  y/r  = 0.6 in   f igure  6. Mditional  totel-pressure  losses 
eccrued t o  this flow tlhrough mixing w i t h  the boundary layer and the sxb- 
sonic  flow  region  behind  the no-mm.1 shock. A strong shock is assumed t o  
hEve termineted the supersonic  flow et some point   in   the diffhser. 

j '  

Diffuser-exit  surveys  presented in figure 8 indicete uniform to t a l -  
gressure  distributions about the annulus at low mss-flow rat ios   but ,  
as choking vas agproached, large nonw-iformLties  eppeared i n  t'ne flow. 
The nonur-iformities were =ore pronounced for   the round and b e l l  l i p s  
thzn  for  the sh- l i p .  For the chaked mass-flow r a t i o  corresponding 
to   t he  lowest t e s t  back pressure, the total-pressure  distribukions ?or .. al l  i n l e t s  were more ur-iforn tnan just p r io r   t o  choking. 

. Pressure-Recovery Characteristics 

The pressQGYecovery character is t ics  of  the   in le t s  me presented 
in   f i gu re  9 as :& Function ol" imss-flow rz t io .  The perTommxe of the 
two  sh--lLpp@ inlets was quite  similar and i n f e r i o r   t o  that of the 
other two inlets   with  the modified l ips .  By roundlng  the l i p  of the 
nose inlet,  both  the  pressure  recovery and  choking value of mzss-flou 
rztio  vere  substantially  increased. The bell  l ip   resu l ted   in   fur ther  
improvement, increasing  the  pressure  recovery  throughout the mess-flow- 
r a t i o  range and reis ing t'ne choking mss-flow  ratio by more than 20 per- 
cent above tha t  of ';he skr_arp-lig in l e t s .  The lox  value of  choking mass- 
flow r a t i o  of  the s h w - l i p   i n l e t  was due t o  +&e separation  bubble 
( f ig .  7) which reduced the  effect ive n i n i m u a  area and t o  the  existence 
of  supersonic  flow at t'ie effect ive minimuu. The round m-d 'Dell leading 
edges tended t o  a l lev ia te   the  former condition and resultea i n  a much 
higher  vdue of choking mess-flow rz t io .  

Pressure Recovery of Sherg-Lip In l e t s  

Available d&ta concerning the pressure-recovery  chaacterist ics of 
sharp-lip  inlets at s ta t ic   condi t ions .zre presented  in  figure 10. A 
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theore t ica l  curve from refererrce 7 for   the   sharp- l ip   in le t   a t   s ta t ic  
cond i t iox  i s  also  sresented  in  the  f igure.  Although the  inlets   vary 
widely in configuration and in  diffuser  type, rate, and area  ra t io ,   the  
pressure-recovery  cmves Ese very s i m i l a r  and wree  wel l  w i t h  the  theory. 
The theore t ica l  curve  accounts f o r  a total-pressure loss a t  t'ne i n l e t  
and a small subsonic  diffuser loss. The losses a t  tile i n l e t  were obtained 
u t i l i z ing  t'ne aozenturr? balance  Settieen the f r ee  stream and in le t   s ta t ions .  
Inasmuch as the only varia'ble b- c o m n  axow the   in le t s  was a thin  sharp 
l i p ,   t h e   s b L l a r i t y  of the curves  indicates that total-pressure  character- 
i s t i c s  at s ta t ic   condi t ions aze mainly  detemLned by de ta i l s  of  the l i p  
shape &s was a lso  concluded in  reference 4. The differences  in  pressure 
recovery tha t  ex is t  are pro'oabiy &de to   differences irr difTuser geometry. 

CONCLTJSIOhi 

Tests  of an annular su9ersonic  inlet and an open-nose inlet   wi th  
sharp and rouzldeZ l i p s  a t  static  conditions led to  the  following con- 
c lus ions : 

(1) Tqe  two in l e t s  w i t h  th in   sharp  l ips  hed about the same re l a t ive ly  
poor pressure recovery  characteristics a d  chaked et a xass-flow rate of 
about 78 percent of the t 'neoretkal  m a x i m u m .  

(2) The pressure  recovery and choking mass-flow r a t i o  were great ly  
ixproved by replacing  tne sharp l i p  by two al ternate  shapes w i t h  l i p  
roundness or internal  contraction  just  behind the  leading edge. 

(3) In l e t s  with th in  shasF lips  but  widely  different  configurations 
had very similm pressure  recovery  characteristics which were adequztely 
defined by theory. 

Lmgley  Aeronzutical  Laboratory, 
Netional Advisory Committee f o r  Aeronautics, 

Langley Field, Va., May 10, 1954. 
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(b) General dhnensioos. 

Figure 3.- Continueci. 



12 

I w .I53 R 

Xr "- 

Inlet Inner-Lip Coordinates 

Sharp lip 

xs, in. 

4.79 

1.699 4.29 

1.595 3.79 

1.698 0 

rs,  in. 

2.095 7.29 

1.298  6.79 

1.967 6.29 

1.94%  5.79 

1.92%  5.29 

1.907 

"__c 

Be 

0 

.04 

.08 

.18 

.28 

.48 

.879 

1.373 

i.873 

lip 

Xr, in rb, Fn. 

iE01 

2.152 

3.449  1.207 

2.948 1.899 

2.446  1.895 

1.946  1.904 

1.446  1.964 

.946 2.01E 

-445 2.088 

. E 3  2.117 

0 

A,b 0.07845 Sq ft 

( c )  Lip coordinates. 

1 

d lip 

rr, in 

2.049 

1.895 

?.E90 

1.899 

1.907 

1.922 

1.942 

1.967 

1.998 

Figure 3.- Concluded. - 



".  

4 -  

p u + / 2  
- Conical inlet 2.2O 
- - Conical-shock inlet 4.4' e- 

3 // 

I 

- /' .. //- 

I 
""""" 

OO 4 .8 I .2 I .6 2 .o 2.4 2.8 3.2 
Longitudinal station, x/D 

Figure 4 ,  - hc.l;-a.rea variation. 

w I-J 



- I  

I .o 

.9 

.8 

* .7 eo 

5 e 2 .5 

if 

Q 

51 
5 .6 

F 

4 

.3 

.2 

.04 .08 .I2 .I6 -20 2 4  .28  .32 
Longitudinal station, x/D 

.36 40 114 .52 .56 

(a) sharp l ip .  

Figure 5.- I,nlet-lip  pressure  distributions. Flagged symbols denote 
outer surface pressures. 

I 
I 



" 0 .04 .08 . I  2 .I 6 .2 0 .24. 
Longitudinal station, x/D 

(b) Round l i p .  
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Figure 9.- Effect of mass flow 02 total-pressure  ra%io for  inlets tested.  
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